1.0 INTRODUCTION
Fluvial erosion is considered to be the most common bank erosion process in many rivers. However, in many instances the actual bank failure occurs long after the high stage flow period and in places which are not affected by fluvial erosion. [1] [2] This indicates that other processes, such as seepage induced erosion of river banks, are also important mechanisms for bank failure. [3] [4] [5] [6] [7] Mass wasting processes of hills lopes and stream-banks due to subsurface flow, which is essentially seepage gradient forces and preferential flow through soil pipes is reviewed. [8] [9] However, due to complexity of the interactive effects of surface flow, seepage and pipe flow and presence of vegetation, further study is necessary. The interaction among the mass failure, bank hydrology and other hydrological factors related to river hydrograph were focused. [5] [6] They pointed out that periods of high river stage changes the pore water pressure within riverbanks due to flow from the river into the banks called bank storage. This increased pore water pressure was recognized as the most important factor for mass failure. Flume studies pointed out that erosion rates of the bank surface increase in magnitude when the unsaturated pore water pressure is near to saturation and soil strength is decreased. [8] [9] Seepage erosion involved soil particles entrained with infiltrated water from the river bank to form a zone of seepage undercut. Consequently, failure of the overhanging bank mass occurs. 19 In composite river banks, like the Brahmaputra, seepage erosion mainly occurs because of the presence of sand layers between the fine soil layers, which permits high rates of seepage flow. 10 High rainfall infiltration rate causes the development of a perched water table above the less permeable layers.
Subsequently, large hydraulic gradient of the flow initiate towards stream channels causing fairly rapid subsurface flow. 23 Various conditions required for seepage erosion. The most important conditions are the presence of the open exfiltration face, source of water which can create sufficient water head, removal of failed or displaced materials from the bank toe and a sufficient hydraulic gradient. A composite river bank often provides an open exfiltration face. During the rising phases of the stage hydrograph, the water from the river infiltrates through the bank face and stored as bank storage. 10 However, in the receding phase, this stored water returns back to the river through the high conductivity layer with high seepage velocity, which causes the seepage erosion. Other sources ofseepage are lateral flow due to presence of perched water table dueto rainfall infiltration in the alluvial plains or even uplands. [11] [12] Subsequent removal of displaced seepage materials from its site of origin is important for further seepage erosion. [13] [14] Many researchers investigated the role of seepage on erosion for hillslope stability and bank erosion. It has been reported that the seepage pressure acts as a body force on representative sediment volume. [15] [16] [17] Erosion of cohesionless soil particles from the river bank faces by ground water occurs under the influence of three forces: tractive force defined as the sum of all external forces acting on the seepage face, gravity force, and seepage force exerted by the groundwater on the sediment grain. The seepage force is:
Fs=C2'' *3π/n (ρf*g*i*d^2)
Where ρ f is the fluid density,g is the acceleration due to gravity, d is the median grain size, C 2 ′′ is an empirical constant, i is the hydraulic gradient, and n is the porosity. Seepage force dominates in a narrow sapping zone at the seepage outflow point and erosion occurs thereafter as a continuous outward sediment movement through this zone. The under cutting subsequently initiates failure of the undermining zone which is above the seeping zone. [18] [19] A number of researchers studied river bank erosion processes by measuring seepage erosion rate and soil-water pressure 12, 16, 20 . A long term sediment delivery flux, which depends on the critical failure angle of the bank materials are proposed. [18] [19] In recent studies, bank failure models also included seepage erosion phenomenon in a stratified river bank. 13, 17, 21 Out laboratory experiments on a sandy-gravel river bank model was carried to investigate the basic processes of seepage erosion due to variation of river stage. Their results indicated that erosion and failure of bank was due to loss of matric suction resulting in cantilever, slab and slide failure during ascending phase of the hydrograph. 19 The following power relationship between the seepage erosion rate and flow discharge is suggested:
Where E is the seepage erosion rate, Q is the flow discharge and a is the regression parameter. 14, 18 Based on the theory of seepage erosion, a dimensionless sediment transport model had been proposed by normalizing the bank slope, bank soil profile depth, and boundary conditions of the lysimeter experiments. The dimensionless sediment discharge(q s * ) and the dimensionless shear stress (τ * ) are related through the following power relationship:
The above equation can be applied to actual field conditions. This equation is quite similar to the empirical bed load function for fluvial erosion. [21] [22] [23] An apparatus was developed to investigate three dimensional seepage erosion mechanisms of the river bank face or hillslope in laboratory. 23 The experimental results showed similar power relationship between the magnitude of erosion and the height of undercut of the bank. It is extremely important to apply the experimentally developed relationships between the available seepage gradient and the bank erosion rate at the river scale. However, no study to date has been carried out to characterize the seepage behavior for composite river banks and prediction of the seepage erosion and subsequent bank retreat. In some limited laboratory studies attempts have been made to establish a relationship between the seepage head and the sediment discharge rate from composite river banks. [22] [23] [24] [25] A function of time required for seepage undercutting in relation with the soil cohesion, bulk density, and the hydraulic gradient in the near bank ground water system. 23 The influences of bank angles on seepage erosion was studied. 28 Sensitivity study of the soil hydraulic properties on seepage erosion was carried out for numerical prediction of the seepage gradient forces.
11 Four different bulbous bows fitted to a catamaran s/L = 0.2 were tested in waterdepth 400 mm at speed range 1-4 m/s to measure the total resistance, trim, sinkage and wave elevation or wash. 29 In situ constant head experiments was conducted to investigate seepageinduced bank erosion and instability on the streambank of Dry Creek in Mississippi. Heterogeneous natural bank stratification consisted of conductive loamy sand layers between cohesive layers. They concluded that the seepage erosion, linked with fluvial erosion, can be an important mechanism for streambank erosion.
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2.0 STUDY AREA As problem statement, the Rajang River in Malaysia is typically braided and complex in the planform (Figure 1-2) . Rajang River runs through in the middle of the state of Sarawak. The river is the longest and the largest in Malaysia; it is 760 km in length and has a drainage area of 50,000 km2. The headstream is located in Iran Mountains that divides the state of Sarawak and Indonesia. The river runs into the center part of the state and reaches the South China Sea. The study area is covered by Paleogene mudstone.
The main ridge along with the strike of bed stretches in the east-west by the pressure from north-south direction of the IndoAustralian Plate movement. Thus, Rajang River runs along the subsequent valley. The river is very commonly known for its high bank erosion hazards.The average annual rainfall is about 1600 mm in this Rajang River basin. 
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Figure 1 The Rajang River Basin
3.0 MODELING
The ship nd propeller model studied in this paper for numerical simulations and experiments is a Tenaga Class Liquefied Natural Gas (LNG) tanker, at scale of 1/80. The principal dimensions and the lines of the ship body plan are shown in Table 1 , Figure 3 and Table 2 . 
Where V is the velocity of the ship, g is the acceleration due to gravity, and Lwl is the length of the ship at waterline level. 
4.0 NUMERICAL SIMULATION
The numerical predictions presented in this work were carried out with the ANSYS-CFX, commercial CFD solver. It employs the node-centered finite volume method. Figure 4 and Figure 5 show the schemes and mesh information for simulation the LNG carrier in restricted water (bank-shallow water with sand). 
5.0 GOVERNING EQUATIONS
In Cartesian tensor form the general RANS equation for continuity can be written as,
and equation for momentum become: 
S and  S are user-defined source terms Further detail is available. propeller zone is very important and considered to suitable design for converging the streamlines into the propeller plane. In this regions the soil erosion and sedimentation will be occurred due to more suction under and band side of the hull ship and also propeller zone.
It is noticed that for a given ship-bank distance, the bank effect increase with higher of ship speed. In general, the bank effect reduces with increase of ship-bank distance and lower ship speed.
7.0 CONCLUSION
CFD simulations and experiments have been conducted for bank effect on soil erosion acting on a LNG tanker in restricted water condition. In according to the presented computational results based on RANS equations, the following conclusions are taken:
• The proximity of bank and shallow water has a significant effect on the hydrodynamic pressure and velocity contours around the ship hull therefore the soil erosion will be occurred at the restricted waterways.
• The hydrodynamic interactive force and moment increase with reducing of ship-bank distance. For a given ship bank distance, the bank effect is more pronounce with an increasing of ship speed.
• In according to high velocity under the bottom in shallow water, it might be caused to sink the hull to the sea bed. 
